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Introduction

ACTIVE control technology (ACT) involving automatic
control theory, computer science, electronics, and aero-

dynamics has many applications for high-performance air-
craft and missiles. Various systems, such as active control
augmentation, direct force control, gust alleviation, and
flutter suppression, have been widely investigated.1"3

In high-incidence flight, symmetrical aircraft and missiles
rriay be subjected to asymmetric forces because of vortex wake
asymmetry. These forces are almost impossible to control
because of their large magnitudes coupled with sudden
changes in direction.4"7

Various methods have been used to solve this problem, such
as roughness strips, fixed or hinged strakes, spinning nose
devices, active blowing devices, and changed nose shapes.7'17

This paper describes an investigation combining the spinning
nose concept10 with a microcomputer active control device for
the optimization of the asymmetric force-alleviating spin rate
for various flight conditions.

Model and Equipment
An experimental investigation of active control of asym-

metric side forces at high incidence was carried out in a 1.5-m
open-jet single-circuit low-speed wind tunnel at NPU. The
model, shown in Fig. 1, is a 60-mm-diameter cylinder with a
tangent-ogive nose (slenderness ratio = 3.5). The total length
of the model is 510 mm. The rotating nose tip is driven by a
variable-speed dc motor mounted in the model.

The Reynolds number based on the freestream velocity and
diameter of the model was around 1.5 x 105. The model was
sting-supported at its base. The angle of sideslip was zero.
Aerodynamic forces were measured by a six-component
mechanical-strain gauge balance.

The vorticity distribution in the wake was measured by a
photoelectric digital vorticity meter consisting of two major
parts: a vane and a digital frequency meter.18'19 The vane, as
shown in Fig. 2, has four perpendicular blades and can rotate
around its axis. When the vane makes a cycle around its axis,
an impulse signal is produced by a photodiode mounted on the
axis. The number of signals per second is recorded by a digital
frequency meter. The local vorticity in the flow field is
proportional to the rotation rate of the vane.
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Fig. 1 Sketch of the model.
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Fig. 2 Sketch of the vane for vorticity measurement (mm).

The microcomputer is the main component of the active
control system. The side force element of the balance was used
as a side force sensor. The angle-of-attack sensor was
connected to the angle-of-attack mechanism of the wind
tunnel. The signals from these sensors were transformed to
digital quantities by analog to digital converters and conveyed
to the microcomputer. The digital output of the microcom-
puter was then reconverted to an analog signal to control the
speed of the dc motor. Since the rotating nose tip can
influence the asymmetric force, it is regarded as a control
element.

The Mechanism of Alleviation of Asymmetric Forces
with a Rotating Nose Tip

It is well-known that the asymmetric forces are very
sensitive to slight geometric asymmetries at the nose of the
model.4'7 The magnitude and direction of the forces vary with
the orientation of the nose due to the corresponding variation
of the vortex flow separation asymmetry and corresponding
flow patterns in the wake.10'11 When the nose of the model
rotates very slowly, the vortex flow pattern changes slowly,
and the side force on the model has approximately the same
magnitude in either direction. Both the period of the variation
of the wake vortex and its displacement during one revolution
of the nose decrease with increasing nose rotating speed. At
high rotating speeds there is not enough time for the vortices
to develop fully, and the asymmetry of the wake decreases
significantly, as well as the magnitude of the asymmetric
forces.

In order to verify the preceding explanation, the vorticity
fields on the lee side of the model were measured. The results
are shown in Fig. 3. It can be seen that with the nose tip
rotating, the asymmetry of the wake vortex distribution and
the local vorticity value decrease significantly. Based on these
results, the rotating nose tip can be regarded as an aerody-
namic control element of the active control device. The
asymmetric force on the model can be reduced to a minimum
value if the rotating speed of the nose tip is adjusted properly.
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Fig. 3 Measurements of wake voritices at x= 2.8 and a = 59.2 deg 11 ft. The numbers are rotating speed of the vane nv (Hz).

The Principle of the Active Control System
In this paper two active control schemes are adopted: 1)

Adaptive Control (A.C.) and 2) Function Feedback Control
(F.F.C.). Their principles are as follows:

Adaptive Control
The rotating speed of the dc motor varies continuously in its

working range. Both the side force on the model and the
rotating speed of the dc motor are recorded by the microcom-
puter. Thus, the rotating speed of the dc motor corresponding
to the minimum side force is found. When the angle of attack
is changed, the process is repeated. Hence, the minimum
asymmetric side force on the model at each angle of attack can
be obtained automatically.

Function Feedback Control
The rotating speed of the nose tip corresponding to the

minimum side force was measured beforehand at various
angles of attack, and the results were stored in the microcom-
puter. When the signal of the angle-of-attack sensor is fed into
the microcomputer, it will send a previously specified voltage
to the dc motor. Thus, the nose tip can maintain the ap-
propriate rotating speed, producing the minimum side force at
each angle of attack.

Results and Discussion
To obtain the control law for active control of asymmetric

forces at high angles of attack by wind-tunnel testing, the side
forces were measured at each angle of attack for various nose
tip rotation speeds. The results are shown in Fig. 4. From

these data, the relation between the angle of attack and the
rotating speed of the nose tip corresponding to the minimum
side force, i.e., the control law of the F.F.C. program, can be
found, as is shown in Fig. 5. The control law of the A.C.
program, deduced by the microcomputer, is also shown in
Fig. 5. The side forces and yawing moments vs a. in both
programs are shown in Fig. 6.
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Fig. 4 Measured side force Cy = /(«) for different rotation rates.
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Fig. 5 Rotation rate for minimum side force condition, n =/(«).
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Fig. 6 Side force Cy =/(«) and yawing moment Cn =/(«) with and
without active control device.

The investigation leads to the following conclusions:
1) The asymmetric side force and yawing moment can be

reduced significantly by nose tip rotation.
2) The active control programs developed can automati-

cally limit the side force on the model to its minimum
magnitude.

3) In the F.F.C. and A.C. programs, the response times for
changing the angle of attack are 2 and 15s, respectively.

For further investigation of the practical application of
A.C.T. to the control of asymmetric forces on actual flight
vehicles at high incidence, some important subjects should be
considered:

1) In the wind-tunnel test, the model should be supported in
such a manner that it can move freely in lateral translation,
yawing, and rolling, even in pitching and vertical translation,
permitting the dynamic response of a model with an active
control device to be measured. Perhaps accelerometers and/or
gyroscopes should be used as sensors of the asymmetric
forces.

2) Because the A.C. program can find the control law
automatically, it could probably be applied to aircraft if the
response time were reduced.

3) Other aerodynamic control elements, such as control-
lable strakes and active blowing jets, should be investigated.
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